A B S T R A C T Jones-Mote reactions are delayed, erythematous, and mildly indurated cutaneous reactions originally described in humans sensitized by skin injection of heterologous proteins. Similar reactions in guinea pigs contain many basophils and are called cutaneous basophil hypersensitivity. In contrast, guinea pigs immunized with mycobacterial adjuvants have classical tuberculin-type delayed hypersensitivity reactions, which contain few basophils. This has led to a new classification of delayed responses, based largely on the presence or absence of basophils. We induced sensitization for JonesMote reactions in 20 normal humans by intradermal injections of keyhole limpet hemocyanin. Skin tests with KLH 1 wk later showed erythematous and indurated delayed reactions in all subjects. Rebuck skin windows showed specific accumulations of basophils with a delayed time-course in 18 of 20 subjects. In 12 normals sensitized with oxazolone-keyhole limpet hemocyanin conjugates, skin reactions and in vitro lymphocyte stimulation showed carrier and not hapten specificity, suggesting that cutaneous responses were probably mediated by T cells.
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A comparative stuidy of strongly positive PPD skin tests in patients with tuiberctulosis showed significant basophil accuimulations in five of nine subjects. Thus, basophils occuirred in human tuibercullin and Jones-Mote reactions and were not a distinguishing feature of Jones-Mote reactions. We suggest that the occurrence of basophils at delayed reactions is under complex regulation and that basophil accumulations are an aspect of delayed hypersensitivity, rather than an indication of a distinctive and separate response.
INTRODUCTION
Delayed cutaneous responses to intradermal skin tests are often employed to assess immune competence. Clinical tuberculin reactions, and delayed hypersensitivity reactions of animals immtunized with adjuvants containing mycobacteria (i.e., complete Freund's adjuivant) are the prototypes of cell-miiediated immune reactivity. However, humans can also be sensitized for delayed-type reactions without concurrent exposure to mycobacteria by intradermal injection of heterologous proteins. Compared to tuberculin reactions, the delayed responses induced by mere injection of proteins alone are less intense, less prolonged after testing, and more evanescent after sensitization (1) . These weaker and more ephemeral delayed-type responses are often called Jones-Mote reactions (2, 3) .
Similar delayed reactions can be obtained in guinea pigs by immunization without mycobacterial adjtuvants. These responses have recently been examined with specialized histological techniques, and have been shown to contain large basophil infiltrates previously not appreciated (4, 5) . Basophilic delayed reactions are called cutaneous basophil hypersensitivity (CBH),1 and numerous basophils have been found in a variety of delayed reactions of guinea pigs, humans, and other species (6) . The discovery that some but not all delayed cutaneous hypersensitivity reactions contain large basophil infiltrates has led to a new classification of these responses based largely on the presence or absence of basophils.
Earlier studies of the cellular composition of clini- 6, 12, 24, 36 , and 48 h. The cover slips were air-dried and Wright's-stained. As a control on possible variations in staining from day to day, a stored peripheral blood smear known to contain basophils was also stained.
Slides were viewed under oil power objective (1,OOOX) and cells were counted by a "fixed method" (11) in which a predetermined and fixed coordinate system was used to determine whether a cell was included in the differential. Usually 200-400 cells were counted per cover slip, but when only a few hundred cells were present, all cells on the entire coverslip were counted. A total of 146 cover slips from reactions in 29 individuals were counted. Leukocytes were divided into four morphologic types: basophils, eosinophils, mononuclear cells, and polymorphonuclear neutrophils. Basophils were characterized by deep purple granules of various sizes filling the cytoplasm and often obscuring the nucleus (Fig. 6 ). Only basophils comprised of a cytoplasmic membrane, granules, and an intact nucleus were counted. The minimal number of purple to black granules necessary to identify a basophil was arbitrarily set at five; however, most basophils had at least 20 or more granules. Eosinophils had distinctive orangered granules of constant size that filled the cytoplasm and often obscured a bilobate nucleus. Blood collection and in vitro studies. Before skin testing, blood was collected from some subjects, selected at random, for in vitro lymphocyte culture in quadruplicate wells of microtrays, by a previously described method (12) . A stored autologous serum pool from a set group of three unimmunized normal persons was used to support the cell cultures. This avoided the potential modulation of blastogenesis by KLH antibody that might be contained in autologous sera or by factors in individual homologous sera (13) . Stimulation of DNA synthesis by KLH, Ox-KLH, or Ox-HSA (20-100 ,mg/ml) was measured by the incorporation of 3H-labeled thymidine added to the cells at day 7. 4 hr later, the cells were collected on an automatic sample harvester and processed for scintillation counting. Results of KLH-induced lymphocyte proliferation were expressed solely as the stimulation index (counts per minute with KLH/counts per minute of cells cultured in medium alone) because the background incorporation of thymidine was equivalent (and low) in these normal volunteers (14) .
Statistics. P values were determined by using Student's t test for paired data for comparisons between macroscopic diameters of KLH reactions of normal individuals at various times, and the Wilcoxon matched pairs signed-ranks test for comparisons of the percentage of basophils. For the PPD reactions, an unpaired t test was employed and the MannWhitney U test was used for the percentage of basophils. P < 0.05 was taken as a significant difference.
RESULTS
"Delayed flare reactions" to KLH. Many normal subjects had macroscopic delayed flare reactions on days 5-8 at the original intradermal sites used for KLH sensitization (Fig. 1) . Flare reactions at the 20- ,ug site of day 0 were noted at day 7 in 40% of normal subjects (8 of 20) . No subject had any visible reaction 24, 48, or 72 h after the initial 20 ,g KLH injection of day 0 (Fig. la) , and half showed slight 24 and 48-h reactions at the 200 ,ug KLH injection site of day 0 (Fig. lb) . These reactions, which may have represented irritation, subsequently disappeared and flare responses appeared at these sites on day 5 or 6. By day 7 (before repeat skin testing to detect specific sensitization), these delayed flare reactions were significantly greater in erythema and induration than the minimal reactions at the site of this original 200 ,ug KLH injection at 24 and 48 h (Fig. lb) . It 24-72 h (Fig. 2) . Most reactions were only moderately erythematous (2+). Some were more pronounced (3+), but none were intensely red and hemorrhagic (4+). All delayed reactions to KLH had a definitely harder, raised area (induration), which on a scale from 0-4+ (almost rockhard) was never greater than 3+. Reactions were uniformly warm and pruritic. The diameters of erythema and induration were identical at 24 h, but thereafter induration remained constant over 36 and 48 h while erythema rose (Fig. 2 reactions, but were of shorter duration. Fig. 3 shows that 48-h erythema and induration progressively and significantly declined as immediate wheal and flare reactions progressively and significantly increased. Delayed reactions to intermediate-strength PPD. All nine tuberculosis patients tested with PPD had delayed reactions beginning at 6 h and reaching a peak at [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] h (Fig. 4) (Fig. 2 vs. Fig. 4) . Skin window microscopic studies of KLH delayed reactions. Basophils were rarely found on control windows of day 0, and were uniformly and significantly present in skin windows of delayed reactions on day 7 (Fig. 5a ). These cells had the appearance of basophils in peripheral blood (Fig. 6) . At 36 h, many individuals had 9-12% basophils, and the mean percentage of basophils was highest (6.6%).
Eosinophils were infrequently found in control (day 0) or test (day 7) windows. However, in the day 7 set of windows, eosinophils showed a significant increase in the 36-h reactions, where they were 1.5% of the cells. In both day 0 and day 7 sets of KLH windows, polymorphs followed similar trends of initial 6-h predominance that subsequently declined and was replaced by predominance of mononuclear cells in the 24-h windows (Fig. 7a) . Thus, basophils and eosinophils were only present in 7-day, delayed reactions to KLH, and not in day 0 control windows. The accumulation of these cells had a delayed timecourse, which paralleled the specific macroscopic reactions. One person who had a large flare reaction at the site of his original KLH tests of day 0 decided to discontinue the study at day 7. However, he agreed to allow a skin window to be placed on this reaction about 24 h after it had begun, and 4 nificant basophils (6.5% compared to 0.5% in the 24-h control window of day 1) and many eosinophils (16%).
Skin windows at PPD reactions. Basophils were also noted in skin windows at PPD reactions. The mean percentage of basophils in 24-48 h tuberculin reactions of all patients was constant at about 3%. However, it was noted that basophils in PPD reactions varied in individual tuberculosis patients from 0 to 10%. PPD reactions were clearly separable into two distinct groups; with and without basophils. Table II shows that basophils at 24-48 h varied between 3.7 and 10.0% in four of the nine PPD reactors, while the other five of nine had less than 2.0% basophils at all times. The higher percentage of basophils was observed in some patients with huge and very indurated macroscopic reactions, but similar florid reactions of other patients showed few basoa. TIME (h) 24 36 phils at any time. These two groups were also indistinguishable in clinical disease or treatment. The delayed onset and prolonged accumulation of basophils in nearly half of the PPD reactions (Fig. 5b) was quite similar to the basophils at day 7 KLH reactions, while the low-basophil PPD reactions were similar to day 0 KLH control tests (Fig. Sa) . Basophils in PPD reactions differed from those seen at KLH-induced delayed reactions in that they generally contained fewer granules per cell. This observation was not quantitated, but it seemed that basophils of PPD windows were less cluttered with granules, and the nucleus was more easily observed (Figs. 8a and 8b ). In addition, mononuclear cells containing granules that appeared to have originated in basophils were more common on PPD skin windows and in a greater percentage of subjects (80%), in comparison to those found in the set of day 7 KLH windows (22%). The abrasion upon which the PPD skin window had been placed did not dry out as quickly as the abrasion at the KLH test; hence, more 48-h microscopic readings were possible at PPD reactions. Eosinophils appeared in greater numbers and peaked much earlier (6 h) in PPD reactions than in KLH reactions.
Polymorphs and mononuclear cells at PPD reactions (Fig. 7b) showed the same nonspecific patterns found in the day 0 and day 7 KLH reactions ( Fig.  7a) . Thus, polymorphs were predominant in the 6-h PPD reactions, and this converted to a predominance of mononuclear cells in later windows. However, compared to day 0 and day 7 KLH windows, mononuclear cells were not predominant in PPD reactions at 24 (Fig. 9 ), which coincided with the progressively attenuated delayed reactions and increasing immediate reactions described above ( Fig. 3a and 3b ).
DISCUSSION
We have immunized normal subjects with KLH (20) (21) (22) (23) , and to evaluate the ability to express a delayed-type hypersensitivity reaction (24) . The (6) . Indeed, CBH responses are inhibited in guinea pigs treated with anti-lymphocyte serum or anti-T cell serum (6, 28) , and conjugate-specific CBH reactions are transferable by cell fractions enriched for nonadherent, nonimmunoglobulin-bearing lymphocytes, probably T cells (29) . However, the delayed occurrence of basophils at cutaneous hypersensitivity reactions does not necessarily mean that these responses are mediated by T cells, as quite similar reactions are also transferable by small amounts of immune serum factors, which appear to be antibodies. In guinea pigs, 7S
IgG, anaphylactic-type antibodies seem responsible for these hapten-specific basophil responses (5, 9, 30), and analogous "late" cutaneous reactions containing basophil accumulations are mediated by reaginic IgE antibodies in humans (31) . Thus, antibody products of B cells and T cells can govern the arrival of these cells at delayed responses, and basophil arrival may be governed by complex regulatory factors that augment or suppress basophil infiltrates (29, (32) (33) (34) .
In this study, antigen-induced lymphocyte stimulation and delayed cutaneous responses were carrier and not hapten specific in volunteers sensitized with Ox-KLH. This argues in favor of T cell rather than antibody mediation of the delayed basophil reactions. The T cell-dependence of in vitro lymphocyte stimulation in man has now been established (35) , and cutaneous responses to the immunizing conjugate or to the carrier and not to the hapten are usually mediated by T cells. It is highly unlikely that antibodies mediate the delayed accumulations of basophils we have noted in 7-day KLHinduced Jones-Mote reactions. Human "late" cutaneous hypersensitivity reactions, mediated by IgE antibodies (31) , peak at 6-12 h, are nearly gone by 24 h, always follow strong wheal and flare responses, and should be hapten specific (36) . Further study will be necessary to determine the histology, specificity, and mechanism underlying the complex dual cutaneous responses we have noted on repeat KLH skin testing.
Several observations in the current study suggest release of mediators by basophils at delayed reactions of humans. Many basophils had reduced numbers and staining of granules, and basophil-like granules were noted in mononuclear cells which had phagocytosed extruded basophil granules. These changes were particularly evident at PPD reactions, where macroscopic vesicle formation was a surprising and frequent occurrence, and the wetness of these reactions permitted many more 48-h skin window determinations. In KLH delayed reactions, which generally contained more basophils, there was less degranulation and also less vesicle formation. Dvorak et al. have suggested a slow "piecemeal" degranulation of basophils at delayed reactions (37, 38) , while we have shown that more total anaphylactic-type degranulation (which features immediate release of histamine, increased vasopermeability, and exocytosis of granules) can be induced in basophils that have arrived at delayed reactions (39) . Electron microscopic study will be necessary to demonstrate definitely whether basophil degranulation occurs at human tuberculin and Jones-Mote reactions.
Delayed accumulations of basophils were noted in 18 of 20 KLH reactions, and only 4 of 9 PPD reactions. However, there was great overlap in percent basophils among PPD or KLH-sensitive individuals showing basophil accumulations. Others have noted significant basophils in clinical tuberculin reactions (26, 40) . Thus, the occurrence of basophils is not a distinguishing feature of human Jones-Mote reactions. Basophils are generally not present in delayed-type hypersensitivity reactions of guinea pigs immunized with mycobacteria, and are said to be characteristic of Jones-Mote-type reactions in these animals (4, 6) . However, several notable exceptions exist (37, 41) , and basophils are not present in delayed hypersensitivity reactions of guinea pigs because of an apparent suppression. Transfer of putative T cells from animals with classical delayed hypersensitivity reactions which lack basophils result in delayed reactions of recipients that are rich in basophils (29) . These findings suggest that the arrival of basophils at delayed reactions is under complex regulation (5, 29, (32) (33) (34) . This could explain our finding of greatly varying numbers of basophils in seemingly similar tuberculin responses. We conclude that basophils are an aspect of delayed hypersensitivity reactions, rather than an indication of a distinctive and homogeneous separate reaction.
